This paper explores the links between development assistance, agricultural output growth and imports in 56 developing economies over the period [1974][1975][1976][1977][1978][1979][1980][1981][1982][1983][1984][1985][1986][1987][1988][1989][1990]. The empirical model treats agricultural growth and imports, savings and aid as endogenous. The analysis also accounts for differences in macroeconomic policies. The results show that aid had a positive impact on agricultural growth. A robust relationship exits between aid and agricultural imports consistent with the argument that aid helps industrialized countries through market expansion and strengthened trade ties.
Introduction
Opposition to the use of foreign aid funds to promote agricultural development in less developed countries (LDCs) is widespread among farm organizations in industrialized countries. These groups argue that development assistance leads to productivity increases and greater agricultural output in developing countries, thereby reducing industrialized countries' farm exports (Houck, * Corresponding author.
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1986; Pardey, Roseboom and Anderson, 1991, p. 70) . For instance the U.S. Congress responded to the various farm lobbies' pressures by adopting an amendment that prohibits the use of development assistance funds for support of research or of measures to increase production of commodities currently exported by the United States (Thompson, 1992) .
In reaction to farmers opposition, many economists argue that agricultural assistance to developing countries should be encouraged because it is of benefit to both industrialized countries' farmers and LDC producers and consumers. Foreign aid to agriculture leads to increases in agricultural productivity, resulting in income increases in LDCs. These rising incomes then lead to increased demand for imports, including agricultural products from industrialized countries. Several studies have tested the last link in the above chain of reasoning: income growth leads to larger food imports (Bachman and Paulino, 1979; Mackie, 1993; Lee and Shane, 1985; Kellogg, Kodl and Garcia, 1987; Houck, 1986; Kellogg, 1987; Christiansen, 1987; Vocke, 1987; de Janvry and Sadoulet, 1988) . Most of these authors find the reasoning to be empirically supported. The first part of the argument, however, that foreign aid leads to agricultural income growth has received little scrutiny (Norton, Ortiz and Pardey, 1992) .
The purpose of this article is to explore the relationship of official development assistance (oDA) to the growth of agricultural output and the creation of foreign agricultural markets through increased imports by recipient countries. An understanding of this relationship is important in assessing the validity of the argument that foreign aid, and more particularly, agricultural assistance, is of benefit to both parties. The major methodological contribution of the paper is the use of a simultaneous equation model where agricultural growth rates, agricultural imports, savings and development assistance are treated as endogenous variables.
In the next sections, the relevant literature is reviewed and our model is described. Following these sections, the results of the statistical estimation are reported and discussed. The implications of our results for industrialized countries' agricultural exports conclude the paper.
Literature background
While there is strong evidence that income growth in LDCs results in increases in industrialized countries' agricultural exports, there is some controversy concerning the effects of aid on growth. In the 1960s, Chenery and Strout (1966) , among others, suggested that foreign capital could be introduced as a supplement to domestic savings, thereby contributing to economic growth.
Since then many economists have tested this theoretical proposition with widely divergent results. Two conflicting positions have emerged from this research. The first finds that aid does not promote development, and in some cases can even slow the rate of growth in LDCs. The main argument is that foreign aid is used as a substitute for domestic savings, and that a large fraction of foreign capital is used to increase consumption rather than investment (Gyimah-Brempong, 1992; Griffin, 1970; Griffin and Enos, 1970; Landau, 1971; Mosley, 1980; Rahman, 1968; Stoneman, 1975; Weisskopf, 1972) . The opposite side of the aid debate sees foreign aid as an important contributor to economic development. The main defenders of this traditional aid theory (including Dacy, 1975; Rana and Dowling, 1988; Gulati, 1978; Dowling and Hiemenz, 1983; Gupta and Islam, 1983; Levy, 1987 Levy, , 1988 Papanek, 1972 Papanek, , 1973 have all found positive relationships between aid and growth. Most of these authors have concluded that the impact of foreign capital on domestic savings could not be 'unambiguously' stated. Complex demographic, economic, social and political conditions across countries have an important effect on the relationship between foreign aid and economic growth, and may be the source of variability among the results.
These studies (except for Gupta and Islam, 1983; Mosley, 1980; Rana and Dowling, 1988) have used ordinary least squares to estimate income growth and have treated savings and aid as exogenous. This may lead to simultaneous equation bias and the estimates may be inconsistent if aid and savings are actually endogenously determined. In addition, most of these researchers have analyzed the effect of foreign assistance on overall economic growth. In contrast, we focus on the impact of foreign assistance on the agricultural sector.
Model
A substantial body of literature suggests that a simultaneous equations approach is the most appropriate means of estimating the effect of foreign aid on growth rates and savings rates (Rana and Dowling, 1988; Gupta and Islam, 1983; Mosley, 1980; Mead Over, 1975) . Two main arguments are presented to support this view. First, savings both influence growth and are influenced by growth, and hence they are simultaneously determined. Second, single-equation models tend to exaggerate the positive effect of aid on growth and aid's negative effect on the savings rate. Accordingly, a simultaneous equation model will be estimated in which both savings and growth are specified as endogenous variables. assistance and farm savings were not available for each country. This is a recurring problem in this literature (Norton, Ortiz and Pardey, 1992; Pardey, Roseboom and Anderson, 1991) .
The simultaneous equation system is: Furthermore, it has been argued that countries with declining savings and growth rates are the ones that attract larger amounts of foreign assistance. The amount of foreign aid a country receives is at least partially determined by and endogenous to its economic performance (Michalopoulos and Sukhatme, 1989) . Therefore, this study considers aid as simultaneously determined with agricultural growth and savings rates. In addition, aid creates trade ties between donors and recipients (Ruttan, 1989) , increasing import capacity and creating foreign markets. This suggests that agricultural imports and aid should also be considered as jointly dependent. To test the effect of aid on growth, a simultaneous equation model is estimated in which the growth of agricultural output, savings rates, imports and aid are all treated as endogenous variables. Measuring the specific effect of agricultural assistance on agricultural savings and agricultural growth would have been ideal. However, data on agricultural assumes constrained end points such that the effect of ODA starts with current aid and disappears at the sixth lag. The f3/s are found by solving a system of equations of the form:
and with
Only a 2 is directly estimated. Other lag structures were considered but the results were not conclusive.
Most empirical studies have shown a positive contribution of exports to growth (Cohen, 1868; Vovoidas, 1973; Ram, 1968; Massell et al., 1972) . Net farm exports bring additional revenues that can be used for investment. The production of exportables also makes use of unemployed resources, increases specialization to capture the benefits of comparative advantage, expands production possibilities through access to knowledge and technology, offers greater economies of scale due to an enlargement of the market size, and enables the country to import goods which are more productive than domestic resources (Ram, 1968; Rana and Dowling, 1988) . Official development assistance, foreign private investment and gross domestic savings targeted to the agricultural sector are all considered as important forms of agricultural investment and are therefore treated as determinants of growth (Papanek, 1973) . Unfortunately, data on the agricultural sector were not generally available and therefore total measures were used as proxies. This problem was also encountered by other authors (Norton, Ortiz and Pardey, 1992; Pardey, Roseboom and Anderson, 1991) .
National expenditures on agricultural research are included as an explanatory variable because of the observation that returns to agricultural research are generally very high in comparison with other investments available to society (Ruttan, 1987) . This expenditure variable covers personnel's salaries and operating capital expenditures. The use of foreign aid to support agricultural research is one of the specific targets of the farm organizations favoring restrictions on development assistance. These groups see agricultural research as a source of competition rather than as a determinant of economic growth. Inclusion of this variable in the growth equation allows a test of the impact of agricultural research on farm growth.
To account for differences in economic policy and performance, Eq. (1) also includes the exchange rate overvaluation, inflation rates, and government deficit variables. Overvaluation is used by many developing countries as a means of subsidizing imports, and taxing exports. We use black market premia published by Pick to measure overvaluation. Overvaluation is the difference between black market and official exchange rates expressed in percent of the official rate. Many developing countries also experienced high levels of inflation during the late 1970s and early 1980s. By dramatically increasing the money supply, governments can generate revenues at the expense of a depreciating currency and ever-rising inflation rates. In addition, government deficits have been running high in many LDCS in the last decade creating a heavy burden on the overall developmental process. Including these variables in the growth equation helps to correct for the impact of policies on agricultural productivity. To capture the effect of the international environment on LDCs' economies, we use a terms of trade variable. Declining terms of trade mean that the purchasing power of agricultural exports is falling and this may have an unfavorable impact on agricultural performance. The regional dummy variables are included to account for regional differences in the growth experience. Finally, the dummy variable for country size allows us to distinguish small countries from large ones and to control for potential scale effects on growth.
The savings rate function (Eq. 2) is based on Mikesell and Zinser (1973) . Macroeconomic theory suggests that the level of savings is positively related to per capita income (Landau, 1971) . Moreover, richer countries tend to save more out of their income than poorer countries, thereby suggesting a positive relationship between the rate of savings and per capita income. Growth of agricultural and nonagricultural output implies positive income growth for developing countries. Consequently, an increase in the output growth rate increases transitory income with positive in-fluences on the savings rate (Gupta and Islam, ered here as important sources of gross domestic 1983). Current official development assistance savings. The effect of these two variables on and foreign private investment are also considsavings has created the strongest controversy in Table 1 Results of two-stage least squares estimation of agricultural growth, savings, ODA and agricultural imports for 55 LDCs, 1975 LDCs, -1990 LDCs, , 1975 LDCs, -1982 LDCs, and 1983 LDCs, -1990 Explanatory the foreign aid literature, as mentioned above. Their inclusion in the savings equation will help to determine whether foreign assistance leads to higher current consumption or higher savings rates. Several studies have used exports as a determinant of savings (see Mikesell and Zinser, 1973) . In developing countries, net farm exports are an important source of income and serve to generate tax revenues and relieve foreign exchange bottlenecks (Papanek, 1972 (Papanek, , 1973 Rana and Dowling, 1988) . We disaggregate exports into agricultural and other exports to allow for the potential role of farm exports. Taxes are a common variable regarded by development economists as an important measure of the ability of the developing countries to mobilize savings and to grow (Dowling and Hiemenz, 1983; Mosley, 1980; Mikesell and Zinser, 1973) . The dependency rate variable has been used by Gupta and Islam (1983) smaller the potential to save, since additional people have to be provided for with given resources.
The ooA equation {Eq. 3) includes the agricultural and nonagricultural output growth and savings rates variables to measure their influence on the amounts of aid received. The level of per capita income also has an important bearing on the size of ooA disbursements, since poorer countries appear to receive larger amounts of aid. Agricultural and other imports are included in the ODA equation to test whether foreign assistance is actually used to fill a trade gap created by large import volumes especially for agricultural products.
Finally, agricultural imports {Eq. 4) are specified as a function of foreign assistance to test the hypothesis that aid creates commercial ties between donor and recipient countries. Agricultural income growth as measured by output growth rates and per capita income are also expected to have a positive impact on food imports. Logically, higher income levels mean a higher level of absorption. Foreign exchange availability determines the ability of a country to purchase foreign commodities. A larger pool of foreign exchange expands the country's ability to trade. Equally important is the level of inflation. High inflation rates decrease the value of the domestic currency relative to foreign currencies, thereby lowering the purchasing power of the inflating country.
Data and empirical results
The sample used for this study covers 56 developing countries for the period [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . The sample was selected on the basis of data availability. The countries can be grouped into four regions: Asia, Latin America, Africa and the West Asia/North Africa region, and are listed below. All the data were measured in constant dollars, with 1980 as the base year. In addition, since we are analyzing a cross-country sample, error terms for larger countries are expected to have greater variance than those associated with smaller countries. This heteroscedasticity problem was corrected by dividing the original data by GDP so that most variables are expressed as a percentage of GDP (except for per capita income, the dependency rate, the growth rate variables, the terms of trade, the overvaluation measure, and inflation). The data sources are listed below. The series of nonagricultural aggregate output growth was obtained by removing the agricultural contribution to total output from the latter (in levels), then to compute the rate of change of that new variable. This series showed implausible values inconsistent with income level data. Therefore, we alternatively use aggregate output growth as a proxy for nonagricultural output growth. The latter proxy improves the results although not substantially. We report results obtained with the latter proxy.
To measure the link between aid and agricultural productivity, the simultaneous equation system specified earlier was estimated with two-stage least squares. The results are presented in Table  1 . The equations were estimated over three time frames: 1975-1990, 1975-1982 (pre-debt crisis and mid-period), and 1983-1990 . Results over the longer time period are reported first. The distributed lag of ooA, savings, and agricultural net trade contributed to agricultural growth in LDC's. The link between net exports and growth is consistent with studies by Massell et al. (1972) , Cohen (1968) and Ram (1968) . The foreign investment variable is negatively related to agricultural growth. Typically foreign investment targets industrial sectors favoring the latter over agriculture. In some alternative specifications (not reported) we investigated the regional effects of ooA on agricultural growth. Interaction terms (ooA and Regional dummy variables) were used. None of these regional effects appeared significant. The remaining variables in the agricultural growth equation were not significantly different Table 2 Elasticities of agricultural growth, savings and agricultural importswith respect to ODA, 1975 ODA, -1990 ODA, , 1975 ODA, -1982 ODA, and 1983 ODA, -1990 GRA (75) (76) (77) (78) (79) (80) (81) (82) (83) (84) (85) (86) (87) (88) (89) (90) GRA ( from zero. The policy performance and environmental circumstances measures did not help explain agricultural growth. It is possible that some of the proxies used were not adequately developed. The agricultural research variable was surprisingly insignificant in light of Ruttan's (1987 Ruttan's ( , 1989 finding. Two lines of reasoning may explain the insignificant coefficient. First, the dollar amount included in agricultural research does not include contributions to international research centers (less than 5% of total expenditure) and thus slightly underestimates total research efforts. Second, a lag between research expenditures and agricultural growth is likely and was not accounted for in this regression.
The results from the savings equation were more conclusive. Official development assistance was negatively and significantly related to savings. This seems to support what many of the aid critics have argued, that foreign aid reduces domestic savings. However, this outcome does not offset the positive impact of aid on agricultural growth. Agricultural growth rate, both agricultural and other net exports, foreign private investment, and per capita income were all positively significant, a finding consistent with Papanek (1972 Papanek ( , 1973 and Cohen (1968) . Tax revenues were also significantly positively related to savings. Larger tax revenues increase the pool of domestic savings if the government relies on taxes to finance its budget. Finally, we could not find a significant positive link between saving rates and aggregate nonagricultural growth with either of the two proxies of that variable. This result may be due to the strong positive association of savings with other variables (export and agricultural growth measures) which are highly correlated with aggregate (nonagricultural) growth.
In Eq. (3) describing ooA, most parameters were significant at the 5% level except for the growth rate of agriculture. As expected, savings was inversely related to aid flows, indicating that aid flows more into countries where savings rates are low, or that poorer countries receive more assistance. Furthermore, aid was negatively related to per capita income, which constitutes further evidence that poor countries with limited savings receive more foreign aid. The strong posi-tive relationship between agricultural imports and development assistance is also noteworthy. This result provides evidence that aid helps to fill foreign exchange needs associated with large food import volumes in developing countries. However, we could not find a significantly positive link between other imports and aid.
In our last equation (Eq. 4), agricultural imports, official development assistance was positively related to imports. Several reasons can be offered for this relationship. First, much foreign aid is tied, so that higher levels of foreign aid automatically generate larger import flows. Second, the low-income countries that are the main recipients of aid may also be highly dependent on imports. Third, countries like Egypt which receive foreign aid on a political basis are also likely to be commercial customers of the donor countries. These results are consistent with Ruttan's (1987 Ruttan's ( , 1989 argument that foreign aid strengthens commercial ties between the donor and recipient and run counter to the argument raised by farm interest groups, that foreign aid to developing coun- riod in contrast to the earlier period. On the other hand, inflation had a major negative impact on imports during the late 1970s.
To illustrate the implications of the results, elasticities of growth, savings and imports relative to aid were calculated at the sample means. These elasticities are reported in Table 2 . The results indicate that a 1% increase in aid flows was associated with a 0.755% proportional increase in agricultural growth rate. This positive relationship was somewhat weaker during the 1975-82 period. The elasticity estimates relating savings to aid show that a 1% increase in ODA led to a 0.241% decline in saving rates. The estimated elasticities of agricultural imports with respect to ODA ranged from 0.393% to 0.633%. De data summary is listed in Table 3 .
Conclusions
The primary purpose of this study was to empirically test the link between foreign aid, agricultural income growth and trade in the developing countries during the period [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . To explore these relationships, a simultaneous equation system was specified with agricultural output growth, savings, aid and agricultural imports specified as four endogenous interdependent variables. According to the results presented in Table  1 , official development assistance had a significant impact on agricultural income growth in LDCs during the [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] period. This finding provides the missing link in the argument that foreign aid leads to larger food imports and supports the hypothesis that development assistance promotes agricultural growth. It was also found that aid is more likely to be directed to countries with low savings rates such as countries in subSaharan Africa.
In addition, the negative relationship between aid and per capita income may be evidence that the poorest countries receive relatively greater amounts of aid. Finally, agricultural imports and aid were positively related, leading us to believe that aid fills a trade gap and promotes trade ties between donor and recipient countries.
On the basis of these results, we can conclude that, in general, current and past foreign aid had a positive influence on agricultural growth in the developing countries during the 1975-1990 period. The argument that foreign aid leads to increases in agricultural imports of LDCs by contributing to agricultural income growth has been completed and validated for this particular period of time.
We also established a significant direct positive relationship between aid and agricultural imports, consistent with a possible strengthening of trade ties between donors and recipients. These findings suggest that foreign aid is in the interests of industrialized countries and Third World farmers, and should not be opposed on the false ground of its negative impact on exports of industrialized countries. Even in the absence of growth or development of the agricultural sector, aid promotes the development and the stability of foreign markets. Development assistance creates important commercial ties between donors and recipients, especially when aid-assisted investments require further technological assistance or replacement of basic equipment. All these factors create a favorable environment for expanding industrialized countries' agricultural exports to the Third World. These countries have been important markets for their own agricultural output but they are mature economies with little prospect for expansion. LDCs, on the other hand, are growing import markets, if allowed to develop. It is therefore in the interest of industrialized countries to promote a favorable policy environment which encourages mutual trade expansion. Our study provides essential information to dispel the seeming antagonism between assistance and agricultural export expansion. This information could shed light on the current debate between opponents and promoters of assistance.
Measuring the effect of foreign aid on agricultural growth is a complex and difficult task. Our results are far from definitive, and suffer from the usual limitations of cross-country analysis. Another shortcoming in this type of aggregate study is that there are conceptual difficulties in identifying and measuring the true determinants of agricultural income growth. Various other so-cial, economic, and demographic variables that are not easily quantified may have an important influence on the effectiveness of aid in promoting growth. For example, wars, natural disasters, droughts and political turmoil can severely hinder growth. Concurrently, a society's propensity to save, its initial endowment of natural resources, its macroeconomic policies and institutions, and its government structure, organization, and efficiency all have an important bearing on how capital inflows can be absorbed and used in the development process. Individual country-studies could provide an alternative measure of the impact of foreign aid on agricultural growth, savings and imports (Lele, 1992; Lele and Goldsmith, 1989) . These studies should include more detailed demographic, social, political, and policy variables which influence capital utilization, agricultural growth and trade in LDCs, and should decompose the effects of foreign assistance by type (technical assistance, project loans, aid grants, food aid) (Islam, 1992) . Although conclusions from case studies cannot always be generalized to identify common factors that affect growth, the two approaches do complement each other.
